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The	 spatiotemporal	 target	 probability	 signal	 reaction	 time	 task	 was	 a	 two	
alternative	forced	choice	reaction	time	task.	After	making	a	central	nose	poke,	a	light	
appeared	immediately	to	the	right	or	left	of	the	central	hole.	The	rat	was	required	to	
withdraw	 its	nose	 from	 the	 central	hole	and	 subsequently	poke	 in	 the	hole	where	
the	flanker	light	appeared.	The	spatial	probability	of	target	location	was	varied	as	a	




























































































































































































3	 1	 • Failure	to	recover	from	surgery	
4	 2	 • Audiogenic	seizures	
• Failure	to	complete	all	aspects	of	task	
5	 1	 • Failure	to	recover	from	surgery	


































































































































































































































































































































































































































































































































































































of	 the	 thalamic	 reticular	nucleus.	 In	order	 to	determine	whether	 this	would	 impair	
performance,	a	simple	high	contrast	visual	discrimination	was	added	to	the	protocol.	
After	 completion	 of	 the	 7-stage	 attentional	 set	 shifting	 task,	 the	 rats	 performed	 a	
simple	discrimination	stage	followed	by	a	reversal	stage.			
The	protocol	mirrored	that	used	in	the	attentional	set	shifting	task.	Animals	






































food	 reward.	 The	 location	 of	 the	 bowl	 containing	 the	 reward	 was	 randomly	
determined	 for	each	 trial,	but	 there	could	be	no	more	 than	 three	 instances	where	
the	bowl	was	at	the	same	side.	Rats	were	allocated	ten	minutes	per	trial	to	uncover	
the	reward.	If	they	failed	to	make	a	response	in	this	time	the	trial	was	ended	and	a	


























































































































































































































































































































































































































































































































































































The	 number	 of	 errors	 made	 differed	 as	 a	 function	 of	 stage,	 but	 there	 was	 no	
interaction	with	 lesion	 (significant	main	effect	of	 stage	 [F(6,156)=18.73,	p<.01]	but	
no	stage*group	interaction	[F(12,156)=1.38,	n.s.])..	The	most	errors	occurred	during	
the	 reversal	 stages,	 but	 the	 lesion	 type	 did	 not	 influence	 error	 rates.	 ANOVA	
restricted	to	reversal	stages	showed	no	significant	difference	in	trials	to	criterion	as	a	
function	 of	 lesion	 (non-significant	 main	 effect	 of	 stage	 [F(2,52)=1.92,	 p>.05]	 and	
stage*lesion	 interaction	 [F(4,52)=1.43,	 p>.05].	 Additionally,	 all	 made	 significantly	
more	 errors	 during	 the	 extradimensional	 stage	 compared	 with	 intradimensional	
stage,	reflecting	a	cost	of	shifting	attention	from	one	stimulus	dimension	to	another:	
ANOVA	 restricted	 to	 ID	 and	 ED	 revealed	 a	 significant	 main	 effect	 of	 stage	
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Chapter	 Task	 Brain	region	 Lesion	manipulation	 Effect	
3	 Cross	modal	
distraction	task	
Thalamic	
reticular	
nucleus	
Ibotenic	acid	lesion	
of	visual	thalamic	
reticular	nucleus	
lesion	
No	effect	of	
lesion	on	
percentage	
correct	when	
distractors	were	
present	
4	 Attentional	set	
shifting	task	
Thalamic	
reticular	
nucleus	
Ibotenic	acid	lesion	
of	thalamic	reticular	
nucleus	
No	effect	on	
acquisition	of	
task	or	ID-ED	
shift	
5	 Attentional	set	
shifting	task	
Mediodorsal	
thalamus	and	
rostral	
thalamic	
reticular	
nucleus	
Ibotenic	acid	lesion	
of	mediodorsal	
thalamus	or	rostral	
thalamic	reticular	
nucleus	
No	effect	on	
acquisition	of	
task	or	ID-ED	
shift	
6	 Spatiotemporal	
target	
probability	
signal	reaction	
time	task	
Thalamic	
reticular	
nucleus	
6-hydroxydopamine	
lesion	of	thalamic	
reticular	nucleus	
Increased	
reaction	time	
advantage	to	
left	targets,	
even	when	less	
probable	
Table	7.1.	Summary	of	the	manipulation	and	results	from	the	experimental	chapters	
detailed	in	this	thesis.		
	
This	thesis	has	attempted	to	further	reveal	the	role	of	the	thalamic	reticular	
nucleus	in	attentional	processes.	The	location	and	shape	of	this	nucleus	in	part	
explains	the	lack	of	behavioural	research	that	has	been	conducted	into	its	function.	
However,	as	discussed	extensively	in	the	introduction,	those	studies	which	have	
included	a	behavioural	component	strongly	indicate	that	the	thalamic	reticular	
nucleus	is	involved	in	attention.	Rather	than	responding	merely	to	incoming	sensory	
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information	it	is	believed	that	the	thalamic	reticular	nucleus	acts	as	a	filter.	More	
specifically	it	is	believed	to	serve	as	a	filter	not	only	at	a	sensory	level	but	also	at	
more	cognitive	levels.	Organised	topographic	maps	that	mirror	and	project	to	
sensory	thalamic	areas	(visual:	Coleman	&	Mitrafonis,	1996;	auditory:	Montero,	
1983;	somatosensory:	Crabtree,	1992;	gustatory:	Hayama,	Hashimoto	and	Ogawa,	
1994)	are	hypothesised	to	be	the	mechanism	through	which	the	thalamic	reticular	
nucleus	‘gates’	the	flow	of	information	from	thalamus	to	cortex.	The	rostral	sector	is	
believed	to	be	more	involved	with	overarching	cognitive	processes	such	as	learning	
and	memory,	due	to	its	connectivity	with	regions	such	as	anterior	thalamus	
(Gonzalo-Ruiz,	&	Lieberman,	1995)	and	mediodorsal	thalamus	(Kuramoto,	Pan,	
Furuta,	Tanaka,	Iwai,	Yamanaka,	Ohno,	Kaneko,	Goto,	&	Hioki,	2016)	although	the	
exact	role	played	by	these	connections	is	yet	to	be	fully	established.		
Crick	postulated	that	the	thalamic	reticular	nucleus	acted	like	a	spotlight	–	
shining	a	light	on	certain	aspects	of	the	environment	and	therefore	promoting	their	
processing	at	the	expense	of	other	stimuli.	Alongside	maintaining	attention	the	
nucleus	is	believed	to	be	involved	in	disengaging	and	shifting	attention.	Our	
experiment	examining	the	role	of	6-hydroxydopamine	lesions	supports	this	view.	It	
was	shown	that	dopamine	depleting	lesions	which	affected	dopamine	input	to	the	
thalamic	reticular	nucleus	from	the	substantia	nigra	pars	compacta.	Following	the	
lesions	rats	showed	a	failure	to	shift	their	attention	towards	the	location	which	was	
statistically	more	likely	to	present	the	target.	Their	loss	of	the	reaction	time	
advantage	to	more	probable	locations	suggests	a	failure	to	re-orient	attention	during	
the	variable	foreperiod	–	rather	waiting	for	target	onset	to	shift	their	attention	and	
subsequently	respond.		
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Given	the	proposed	distinction	in	function	across	the	rostral	and	caudal	
sectors	of	the	thalamic	reticular	nucleus	it	was	also	hypothesised	that	lesions	to	the	
thalamic	reticular	would	impair	performance	in	the	attentional	set	shifting	task.	The	
rostral	sector	is	considered	the	more	cognitive	sector,	and	therefore	an	ideal	
candidate	during	this	task.	It	had	been	predicted	that	lesioning	this	sector	would	
result	in	an	attentional	set	shifting	deficit,	with	lesioned	animals	requiring	
significantly	more	trials	than	sham	animals	to	reach	criterion	at	extradimensional	
shift	stage.	However,	as	detailed	in	chapters	4	and	5	there	was	no	effect	of	lesions	of	
rostral	and	caudal	sectors	of	the	thalamic	reticular	nucleus	on	the	acquisition	of	
attentional	set	shifting	rules,		nor		on	the	Id-Ed	difference.		
7.1.1	Chapter	3	–	Thalamic	blocking	of	distractors		
Much	of	the	hypotheses	proposed	pertaining	to	behavioural	studies	
incorporating	lesions	to	the	thalamic	reticular	nucleus	are	based	upon	previous	work	
using	c-Fos	markers	(Montero,	1997;	McAlonan,	Brown,	&	Bowman,	2000;	Petrof,	&	
Brown,	2010),	or	non-behavioural	electrophysological	recording	(Huguenard,	&	
Prince,	1992;	Troyano-Rodriguez,	Lladó-Pelfort,	Santana,	Teruel-Martí,	Celada,	&	
Artigas,	2014).	Although	enlightening,	these	types	of	studies	cannot	shed	light	on	the	
actual	mechanisms	through	which	the	thalamic	reticular	nucleus	is	involved	in	
attention.	Further	insight	would	be	obtained	should	future	studies	replicate	these	
experimental	protocols	with	the	addition	of	lesions.	
For	example,	it	had	been	hypothesised,	based	upon	the	McAlonan,	Brown,	
and	Bowman	(2000)	study	that	lesions	of	the	visual	thalamic	reticular	nucleus	would	
impair	the	ability	of	the	animal	to	block	out	the	distracting	auditory	stimulus	to	
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ensure	optimal	performance.	The	rationale	behind	this	hypothesis	was	lateral	
inhibition.	Studies	have	shown	extensive	inhibitory	interconnectivity	between	
thalamic	reticular	nucleus	neurons	(Shu,	and	McCormick,	2002;	Landisman,	Long,	
Beierlein,	Deans,	Paul,	&	Connors,	2002).	One	sector	actively	inhibiting	another	
ensures	enhanced	processing	of	salient	stimuli	by	limiting	the	allocation	of	cognitive	
resources	to	irrelevant	stimuli.	Increased	Fos	expression	in	the	thalamic	reticular	
nucleus	sensory	sector	associated	with	the	attended	stimulus	was	hypothesised	to	
represent	this	mechanism.	However,	results	from	our	study	using	lesions	and	a	
distractor	task	did	not	reflect	this	mechanism	–	or	rather	the	interruption	of	said	
mechanism.	Had	this	mechanism	been	in	effect	it	would	have	been	expected	that	
lesions	in	the	sensory	sector	that	dealt	with	the	discrimination	stimulus	would	result	
in	significantly	more	errors	being	made	when	an	auditory	distractor	was	present.	
This	would	be	due	to	the	inability	of	the	visual	sector	to	inhibit	the	activity	of	the	
auditory	sector.	Being	unable	to	limit	attention	paid	to	the	distracting	auditory	
stimulus	should	have	resulted	in	poorer	performance.	However,	these	results	were	
not	found	–	there	was	no	effect	of	the	lesion	on	error	rate	performance.		
There	are	several	explanations	for	this	–	the	first	of	which	is	that	the	thalamic	
reticular	nucleus	is	not	involved	in	attention	and	blocking	out	distractors.	
Electrophysiological	studies	have	clearly	that	lateral	inhibition	within	the	thalamic	
reticular	nucleus	does	exist	(Lee,	Patrick,	Richardson,	and	Connors,	2014)	showed	
some	axons	inhibit	locally	grouped	neurons	of	the	TRN,	but	others	branch	across	the	
entire	plane	of	the	TRN	to	inhibit	activity).	Given	what	we	already	know	about	the	
physiological	mechanisms	of	the	thalamic	reticular	nucleus	and	cross	sector	
inhibition,	it	seems	unlikely	that	it	is	not	involved	in	blocking	out	distractors.		
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Within	this	experiment	rats	were	exposed	to	the	distracting	stimulus	prior	to	
receiving	lesions.	Performance	before	the	distractors	were	introduced	was	very	high,	
and	while	it	dropped	significantly	they	were	still	operating	at	around	90%	correct.	
Had	the	rats	not	been	exposed	to	the	distractor	before	lesions	were	made,	we	may	
have	seen	different	results.	Going	forward,	it	would	be	prudent	to	replicate	the	
experiment	but	alter	the	point	at	which	the	animals	are	exposed	to	the	distractors.	
As	discussed	in	the	chapter’s	discussion,	it	is	possible	that	the	task	did	not	
assess	top-down	selective	attention	as	such,	and	that	bottom	up	control	was	
sufficient	to	deal	with	the	distractors.	The	relatively	simple	nature	of	the	task,	paired	
with	the	lack	of	salience	attached	to	the	distractors	may	have	made	top-down	input	
unnecessary.	It	would	be	interesting	to	see	whether	increasing	the	cognitive	load	
associated	with	the	task	would	recruit	the	thalamic	reticular	nucleus	and	therefore	
make	the	lesion	detrimental	to	performance.	Importantly,	the	results	suggest	a	
distinction	between	filtering	of	relevant	sensory	information	and	blocking	out	
distractors	–	something	that	warrants	further	study.		
As	already	mentioned,	it	would	be	very	interesting	to	see	the	effects	of	
lesions	on	the	blocking	paradigm.	Although	McAlonan,	Brown,	and	Bowman	(2000)	
proposed	the	mechanism	of	lateral	inhibition,	and	we	based	our	hypotheses	on	the	
same	mechanism,	the	two	experiments	are	very	different.	The	blocking	experiment	
relies	heavily	upon	conditioning,	requiring	little	discrimination	or	cognitive	load	from	
the	rats.	The	rats	are	not	expected	to	make	different	responses	depending	upon	
stimulus	presentation	–having	to	respond	in	the	same	manner	when	the	stimulus	
appeared.	The	distractor	task,	as	a	two	alternative	forced	choice	task	required	two	
responses	while	actively	ignoring	the	distractor	stimulus.	Therefore,	while	it	is	
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expected	they	both	require	active	inhibition	of	a	sensory	sector,	the	exact	
mechanisms	are	not	the	identical.	Therefore,	producing	lesions	alongside	the	
blocking	paradigm	would	help	clarify	the	situation	regarding	the	mechanisms	
potentially	identified	within	the	McAlonan,	Brown,	and	Bowman	(2000)	study.		
	
7.1.1.1	Chapters	4	and	5–	lack	of	thalamic	involvement	in	attentional	set-
shifting		
Lesioning	both	rostral	and	caudal	sectors	of	the	thalamic	reticular	nucleus,	in	
addition	to	the	mediodorsal	thalamus,	were	found	to	not	impair	performance	on	the	
attentional	set	shifting	paradigm.		
Discussions	of	the	role	of	the	thalamic	reticular	nucleus	in	attentional	set	
shifting	in	chapter	4	are	complicated	by	the	lack	of	attentional	set	formation.	
Although	lesion	animals	did	not	differ	from	control	animals,	they	did	not	show	the	
pattern	of	behaviour	expected.	Given	that	control	animals	also	failed	to	form	
attentional	set,	it	is	difficult	to	conclude	whether	the	lesion	had	any	effect.	The	study	
woiuld	need	to	be	repeated,	perhaps	using	multiple	tests	until	attentional	set	was	
demonstrated,	which	would	allow	for	more	definitive	conclusions	to	be	drawn	about	
thalamic	reticular	nucleus	involvement.		
The	connectivity	between	the	rostral	thalamic	reticular	nucleus	and	other	
cognitive	areas	such	as	anterior	thalamus	(Gonzalo-Ruiz,	&	Lieberman,	1995)	and	
mediodorsal	thalamus	(Kuramoto,	Pan,	Furuta,	Tanaka,	Iwai,	Yamanaka,	Ohno,	
Kaneko,	Goto,	&	Hioki,	2016),	and	hippocampus	(Çavdar,		Onat,	Çakmak,	Yananli,	
Gülçebi,	&	Aker,	2008)	make	it	an	ideal	candidate	for	studying	cognitive	involvement.	
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Unlike	the	sensory	sectors,	the	rostral	sector	is	implicated	in	higher	level	functions.	
However,	there	are	few	studies	that	have	examined	the	rostral	thalamic	reticular	
nucleus	in	an	extensive	manner.		
Vann,	Brown,	and	Aggleton	(2000)	found	increased	fos	expression	in	the	
rostral	sector	of	the	thalamic	reticular	nucleus	in	the	more	demanding	iterations	of	
their	spatial	working	memory	task	using	an	8	arm	radial	maze.	This	study	does	not	
provide	us	with	any	information	as	to	the	functional	contribution	of	the	thalamic	
reticular	nucleus	to	spatial	working	memory,	so	we	cannot	fully	draw	conclusions	
from	the	paper.	One	could	suggest	that	increased	activity	of	the	thalamic	reticular	
nucleus	in	some	of	the	tasks	detailed	reflects	a	more	general	modulation	of	
consciousness	and	cognitive	arousal	rather	reflecting	a	more	specific	role	in	spatial	
memory.	This	would	be	consistent	with	Wilton,	Baird,	and	Muir	(2001)	who	failed	to	
show	an	effect	of	rostral	thalamic	reticular	nucleus	lesions	on	spatial	memory	
performance.	While	the	other	sectors	of	the	thalamic	reticular	nucleus	have	specific	
sensory	projections,	for	example	visual	sector	to	lateral	geniculate	nucleus,	the	
rostral	sector	has	projections	to	regions	with	less	specificity.	It	is	possible	that	these	
regions,	in	conjunction	with	other	cortical	and	subcortical	areas	are	involved	in	
global	arousal.	This	would	fit	in	with	thalamic	reticular	nucleus	involvement	in	
epilepsy,	and	the	loss	of	consciousness/alterations	in	global	arousal	(Van	de	
Bovenkamp-Janssen,	Akhmadeev,	Kalimullina,	Nagaeva,	Van	Luijtelaar,	&	Roubos,	
2004).	Perhaps,	rather	than	having	a	direct	role	in	specific	attention\cognitive	
functions,	the	rostral	sector	of	the	thalamic	reticular	nucleus	is	involved	in	
synchronising	thalamocortical	oscillations.		This	also	ties	in	with	the	role	of	the	
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thalamic	reticular	nucleus	in	the	generation	of	sleep	spindles	and	transition	between	
an	awake	and	non-awake	state.	
It	has	been	established	that	stimuli	with	strong	positive	or	negative	affective	
connotations	can	bias	attention	and	the	allocation	of	other	cognitive	resources.	
Studies	have	recently	shown	that	there	are	connections	between	the	thalamic	
reticular	nucleus	and	the	amygdala	in	primates	(Zikopoulos	and	Barbas,	2012).		It	
was	shown	that	projections	from	the	amygdala	terminated	in	those	regions	with	
strong	connectivity	with	the	mediodorsal	thalamus	and	orbitofrontal	cortex.	This	
converging	emotional	and	attentional	circuit	is	interesting,	and	could	perhaps	
capture	the	lack	of	performance	deficit	following	lesions.	Without	a	strong	
emotional	component	to	the	task,	it	is	possible	that	the	non-sensory	sector	of	the	
thalamic	reticular	nucleus	was	not	recruited	for	performance.	The	authors	suggest	
that	this	circuit	is	used	most	during	high	cognitive	demand	and	where	salient	stimuli	
have	a	strong	affective	component.	It	is	well	established	that	emotional	stimuli	grab	
attention	(Pool,	Brosch,	Delplanque,	&	Sander,	2016)	and	may	have	been	required	
for	the	rostral	thalamic	reticular	nucleus	to	be	involved	in	this	task.		
The	lack	of	olfactory	representation	in	the	sensory	sectors	of	the	thalamic	
reticular	nucleus	is	problematic,	and	does	not	permit	one	to	study	the	allocation	of	
attention	towards	sensory	aspects	of	the	task.	Our	data	suggests	that	the	thalamic	
reticular	nucleus	is	not	involved	in	the	shifting	of	attention,	nor	reversals	on	a	more	
global	level.	However,	we	do	know	that	the	thalamic	reticular	nucleus	is	involved	in	
the	re-orienting	of	attention	towards	stimuli	which	are	predictive	of	reward	(chapter	
6).	Animals	had	been	trained	to	associate	the	light	presentation	and	their	
subsequent	response	with	a	food	reward,	thus	making	the	light	stimulus	highly	
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salient.	Lesioning	the	thalamic	reticular	nucleus	meant	that	animals	failed	to	use	top	
down	control	to	guide	attention	towards	the	location	where	the	stimulus	was	most	
likely	to	appear.	
7.1.1.2	Chapter	6	–	reducing	dopamine	in	the	thalamic	reticular	nucleus	
impairs	the	re-orienting	of	attention	
Changes	in	the	shifting/re-orienting	of	attention	in	a	top	down	attentional	
task	following	dopamine	depleting	lesions	in	the	thalamic	reticular	nucleus	fit	with	
early	proposal	made	by	Crick	(1984).	One	of	the	criteria	for	the	attentional	spotlight	
hypothesis	was	that	it	should	be	able	to	disengage	and	switch	attention	towards	
more	salient	stimuli,	or	in	our	case	more	predictive	location.	By	reducing	dopamine	
input	into	the	thalamic	reticular	nucleus	the	rats	took	significantly	longer	to	shift	
their	attention	from	a	previously	predictive	location	towards	a	currently	predictive	
location.	The	rats	had	extensive	training	in	the	task	and	so	were	familiar	with	the	
protocol.	Furthermore,	it	could	not	be	argued	that	they	could	no	longer	appreciate	
the	variable	foreperiod	because	there	was	still	a	main	effect	of	foreperiod.	Rather,	it	
seems	that	they	failed	to	appropriately	re-orient	their	attention	–	relying	on	stimulus	
onset	to	shift.	These	results	are	consistent	with	the	data	from	Weese,	Phillips,	and	
Brown	(1999)	who	found	that	lesions	of	the	visual	thalamic	reticular	nucleus	
abolished	the	validity	effect	in	the	Posner	task.	Rather	than	using	the	cue	light	to	
orient	their	attention,	the	rats	only	oriented	their	attention	when	the	target	light	
appeared.	This	is	evident	given	the	lack	of	reaction	time	detriments	when	an	invalid	
cue	was	presented.	These	data	suggest	that	the	thalamic	reticular	nucleus	is	
intrinsically	involved	in	orienting	and	re-orienting	attention	towards	biologically	
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relevant	stimuli	which	are	linked	with	the	presentation	of	a	food	reward	(assuming	
the	proper	action	is	taken).		
Disruptions	to	the	orienting	attention	network	has	also	been	shown	in	
patients	with	Parkinson’s	disease.	Zhou,	Chen,	Wang,	Yin,	Hu,	and	Wang	(2012)	
studied	both	Parkinson’s	patients	and	healthy	controls	using	the	attention	network	
task.	The	task	measures	alerting,	orienting	and	executive	control	of	attention.	It	was	
found	that	Parkinson’s	patients	had	severe	impairments	in	the	orienting	and	re-
orienting	of	attention	in	a	forced	choice	reaction	time	task.	Consistent	with	the	data	
from	chapter	6	there	was	no	overall	impairment	in	alerting	and	executive	control	of	
attention.	The	patients	in	the	study	were	in	the	earlier	stages	of	the	disease,	which	
may	account	for	the	lack	of	global	attention	deficits.	Dopamine	degeneration	seen	in	
chapter	6	was	not	as	severe	as	that	seen	in	the	late	stages	of	the	disease,	and	could	
explain	the	similar	results.	Reduced	dopamine	concentrations	in	the	substantia	nigra	
pars	compacta	of	Parkinson’s	patients	has	been	well	documented	(Forno,	1996;	
McNaught,	Belizaire,		Jenner,	Warren-Olanow,	Isacson,	2002;	Gröger,	Kolb,	Schäfer,	
&	Klose,	2014)	with	even	early	stages	of	the	disease	showing	a	profound	loss	of	
tyrosine	hydroxylase	positive	neurons.	We	did	not	find	movement	time	impairments,	
indicative	of	intact	motoric	system.	Given	that	motor	deficits	are	a	hallmark	of	
Parkinson’s	disease	this	cannot	be	considered	a	model	of	the	disease	(Dujardin	et	al,	
2013).	However,	these	results	are	of	interest	when	studying	the	cognitive	deficits	in	
the	disease	and	implicate	thalamocortical	dysfunction	in	the	progression	of	attention	
deficits.		
Another	application	of	studying	the	cognitive	capacity	of	the	thalamic	reticular	is	
with	regards	to	schizophrenia.	Although	schizophrenia	is	a	complex	disorder	with	
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several	proposed	etiologies	ranging	from	aberrant	development	to	genetic	
predispositions,	many	suggest	a	role	for	thalamic	structures	in	the	cognitive	
symptoms.	Disrupted	prefrontal-thalamic	connectivity	has	been	shown	to	be	present	
in	schizophrenic	patients	(Woodward,	Karbasforoushan,	&	Heckers,	2012)	with	these	
aberrant	connections	suggested	to	account	for	many	of	the	cognitive	symptoms	of	
the	disease.	The	thalamic	reticular	nucleus	serves	to	gate	the	flow	of	information	
from	thalamus	to	cortex.	Disruption	of	this	mechanism	could	easily	explain	abnormal	
transmission	of	sensory	information	from	thalamus	to	cortex,	and	therefore	the	
imaging	data	available.	Studies	have	focused	mostly	on	sensory	thalamus,	rather	
than	the	thalamic	reticular	nucleus.	Given	that	the	involvement	of	the	thalamic	
reticular	nucleus	has	once	again	been	shown	to	be	involved	in	attention,	it	is	an	ideal	
candidate	to	study	with	regards	to	schizophrenia.	During	development	the	disrupted	
in	schizophrenia	1	(DISC1)	gene	is	expressed	in	the	thalamic	reticular	nucleus	fitting	
with	theories	of	abnormal	thalamic	development	and	later	development	of	
schizophrenia.		
Furthermore,	studies	into	sleep	disturbances	suggest	a	pivotal	role	for	the	
thalamic	reticular	nucleus	(Young	and	Wimmer,	2016;	Ferrarelli,	and	Tononi,	2016).	
However,	the	behavioural	evidence	pertaining	to	a	cognitive	role	is	less	substantial.	
It	would	be	particularly	interesting	to	examine	the	thalamic	reticular	nucleus	in	
various	rodent	models	of	schizophrenia.	We	have	shown	a	cognitive	role	for	the	
thalamic	reticular	nucleus	when	reducing	dopamine	input.	By	increasing	
dopaminergic	activity	in	the	thalamic	reticular	nucleus	the	data	would	provide	a	
detailed	picture	of	the	contribution	of	the	neurotransmitter	to	thalamic	dependent	
attention.	Examination	of	rodent	models	could	range	from	simple	neuroanatomical	
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dissection	to	see	any	morphological	differences,	as	well	as	electrophysiological	
recording	both	in	and	ex	vivo.	Many	of	the	developmental	models	of	schizophrenia	
have	neuroanatomical	changes	that	mirror	those	deviations	seen	in	schizophrenia,	
so	examining	the	thalamic	reticular	nucleus	in	these	models	could	provide	a	great	
deal	of	evidence.		
7.2	Different	types	of	attention	
William	James	poignantly	stated	“everyone	knows	what	attention	is”	(James,	
1890).	Although	it	is	a	statement	that	has	been	used	hundreds,	if	not	thousands,	of	
time	within	the	literature,	it	is	a	very	simple	statement.	While	we	could	say	that	the	
layperson	knows	what	attention	is	in	the	general	terms,	its	use	in	scientific	
examination	has	many	different	interpretations/iterations.	The	use	of	the	term	
attention	varies	across	contexts	and	disciplines.	Therefore,	to	say	the	thalamic	
reticular	is	involved	in	attention	would	be	a	misleading	statement.	This	thesis	has	
shown	that	the	thalamic	reticular	nucleus	is	involved	in	certain	aspects	of	attentional	
control,	but	it	would	be	naïve	to	believe	it	is	involved	in	all	aspects	of	attention.	For	
one,	although	the	thalamic	reticular	nucleus	does	have	widespread	connections	with	
cortical	and	subcortical	structures	(Pinault,	2004),	it	is	not	directly	connected	with	all	
areas	also	involved	in	attention.	It	is	therefore	pertinent	to	discuss	the	different	
types	of	attention	within	the	context	of	our	research	and	the	thalamic	reticular	
nucleus.		
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7.2.1	Bottom	up	and	top	down	attention	
It	is	perhaps	best	to	first	differentiate	between	bottom-up	and	top	down	
attentional	processes.	Bottom	up	processing	is	viewed	as	a	more	crude	level	of	
processing,	driven	by	the	presence	of	stimuli	within	the	environment	(Hunt	&	
Kingstone,	2003).	For	example,	the	re-direction	of	attention	from	a	task	to	a	fire	
alarm	currently	set	off.	Top	down	attention	on	the	other	hand,	is	a	more	refined	
processing	of	information	driven	by	more	complex	cognitive	processes,	relating	to	
previous	knowledge	or	goals	and	Is	therefore	slower	to	engage	(Baluch,	&	Itti,	2001)	
We	must	be	careful	not	to	reinforce	the	dichotomy	between	bottom-up	and	
top-down	too	much,	as	tasks	and	everyday	life	require	a	balance	between	the	two.	
Although	cognitively	demanding	tasks	often	require	top	down	control	of	attention,	
sensitivity	to	non-task	related	stimuli	is	also	necessary	–	a	failure	to	shift	attention	
towards	a	salient	stimulus	could	be	just	as	problematic	as	an	inability	to	maintain	
attention	towards	a	task.	The	terms	bottom-up	and	top-down	should	be	considered	
conceptualisations	rather	than	anatomical	realities	–	areas	involved	in	bottom	up	or	
top	down	attention	are	not	necessarily	mutually	exclusive	(Sarter	&	Bruno,	2001).		
At	the	point	of	data	collection	(rather	than	collection	of	training	data	to	reach	
predetermined	performance	criteria)	in	our	6OHDA	task	top	down	attention	was	
being	studied.	More	specifically,	we	were	studying	focused/	sustained	attention.	The	
rats	were	aware	of	the	contingencies	of	the	task,	knew	the	spatial	location	that	
attention	needed	directed	towards,	and	importantly	knew	the	response	needed	to	
be	made	when	the	target	appeared.		
Sustained	attention	is	often	viewed	as	the	means	of	ensuring	adequate	
performance	from	distractors.	By	ensuring	that	attention	and	resources	are	focused	
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on	relevant	task	contingencies,	irrelevant	stimuli	can	be	marginalised.	In	chapter	6	
we	did	not	introduce	any	distractors	into	the	task,	instead	choosing	to	study	
orientation	and	shifting	of	attention.		
7.3	Future	directions	
One	of	the	main	barriers	facing	researchers	when	attempting	to	study	the	
thalamic	reticular	nucleus	at	a	behavioural	level	is	the	difficulty	of	producing	focal	
lesions.	As	it	is	such	a	thin	nucleus,	just	a	tiny	deviation	can	result	in	adjacent	areas	
being	lesioned	rather	than	the	target.	When	faced	with	ethics	boards	and	the	need	
to	reduce	the	number	of	animals	used	in	scientific	experiments	many	
understandably	are	choosing	to	forego	studying	this	important	area.	Fortunately,	
new	technological	and	scientific	advances	are	making	it	easier	for	researchers	to	
target	specific	areas	with	more	accuracy.	One	of	these	new	advances	is	
optogenetics.	As	is	customary,	new	techniques	see	a	replication	and	revival	of	old	
studies	and	protocols.	What	is	novel	with	the	thalamic	reticular	nucleus	is	that	new	
techniques	offer	us	a	way	to	rectify	the	paucity	of	behavioural	studies.	In	addition	to	
extending	knowledge	gained	from	the	limited	number	of	lesion	studies	available,	we	
now	have	the	opportunity	to	study	the	thalamic	reticular	nucleus	in	a	much	more	
reliable	manner.		
It	is	clear	that	this	relatively	new	technique	provides	great	opportunity	for	
researchers	studying	the	thalamic	reticular	nucleus.it	would	be	particularly	
interesting	to	replicate	Fos	studies	using	an	optogenetic	approach	to	better	
understand	the	role	played	during	various	stages	of	the	tasks.	Optogenetics	permits	
a	temporal	control	of	disruption	without	producing	lasting	effects,	which	presents	
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fantastic	opportunities	for	researchers.	A	better	understanding	of	the	circuits	the	
thalamic	reticular	nucleus	is	involved	in	will	provide	great	insight	and	promote	more	
informed	investigation.	To	date,	behavioural	studies	are	involved	only	by	a	handful	
of	other	studies,	many	key	studies	decades	old,	or	else	non-behavioiural	slice	
electrophysiological	studies	which	by	their	very	nature	are	artificial	and	offer	no	
“real	world”	insights	into	how	function	relates	to	behaviour.		
The	c-Fos	experiment	by	Montero	(1997)	showed	increased	activation	of	the	
thalamic	reticular	nucleus	sensory	sector	required	when	exploring	a	novel	
environment	(visual	for	typical	rats	and	somatosensory	for	blind	rats).	As	we	now	
have	the	capabilities	to	measure	activity	in	freely	behaving	animals	we	could	
measure	activity	in	the	relevant	sectors	of	both	the	thalamic	reticular	nucleus	and	
dorsal	thalamus	both	at	the	start	and	during	exploration.	If	visual	cues	provided	the	
best	information	about	the	environment	then	one	would	assume	that	after	an	initial	
period	of	attention	to	all	sensory	cues,	the	visual	sector	would	then	suppress	some	
of	the	activity	of	other	areas.	It	is	possible	that	olfaction	would	be	the	main	sensnory	
cue	used,	but	with	no	olfactory	representation	in	the	thalamic	reticular	nucleus	this	
was	not	measured	within	the	Montero	study.	While	a	relatively	simple	study,	it	
would	serve	to	provide	more	clarification	as	to	the	mechanisms	behind	the	study.	
Indeed	optogenetics	could	be	also	employed.		
Our	research	to	date	has	only	studied	one	neurotransmitter	system	in	any	
detail.	Dopamine’s	pivotal	role	in	both	schizophrenia	and	Parkinson’s	disease,	and	
the	suggested	role	of	the	thalamic	reticular	nucleus	in	the	cognitive	deficits	in	the	
former	(and	to	some	extent	the	latter)	were	decisive	in	its	inclusion	within	this	
thesis.	Also	of	interest	however	is	the	cholinergic	system.	The	data	in	this	thesis	has	
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shown	subcortical	involvement	in	attention,	and	more	specifically	subcortical	
dopaminergic	input.	Basal	forebrain	cholinergic	transmission	has	been	shown	to	be	
involved	in	attentional	processes	(Voytko,	Olton,	Richardson,	Gorman,	Tobin,	Price,	
1994;	Everitt,	Robbins,	&	Muir,	1995;	Everitt,	&	Robbins,	1997;		Waite,	Wardlow,	&	
Power,	1999;	Sarter,	Bruno,	&	Givens,	2003).	Tracing	studies	have	shown	that	the	
basal	forebrain	projects	to	thalamic	reticular	nucleus	(Steriade,	Parent,	Pare,	&	
Smith,1987;	Jourdain,	Semba,	&	Fibiger,	1989),	with	recent	electrophysiology	studies	
showing	that	postsynaptic	activation	of	nicotinic	acetylcholine	receptors	triggers	
action	potentials	in	thalamic	reticular	nucleus	neurons	(Sun,	Pita-Almenar,	Wu,	
Renger,	Uebele,	Lu,	&	Beierlein,	2013).	Systemic	administration	of	the	cholinergic	
agonist	nicotine	and	antagonist	scopoloamine	were	found	to	differentially	affect	
reaction	time	to	valid	and	invalid	cues	in	a	reaction	time	task	(Phillips,	McAlonan,	
Robb,	and	Brown,	2000).	Although	systemic	administration	does	not	provide	causal	
evidence	as	to	the	exact	cholinergic	mechanism(s)	in	effect,	mechanisms	involving	
the	thalamic	reticular	nucleus	are	a	strong	candidate.	With	cholinergic	control	of	
thalamic	activity	established,	the	thalamic	reticular	nucleus	would	explain	the	results	
found	by	Phillips,	McAlonan,	Robb,	and	Brown	(2000)	whereby	agonists	reduced	
reaction	time	and	antagonists	increased	reaction	time	to	invalid	cues	in	the	task.	This	
is	of	course	speculative,	but	given	the	knowledge	we	already	have	of	the	thalamic	
reticular	nucleus,	it	warrants	further	examination.		
7.4	Conclusions	
This	thesis	has	attempted	to	elucidate	the	functional	role	of	the	thalamic	
reticular	nucleus	In	cognition,	more	specifically	attention.	This	thesis	details	the	use	
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of	excitotoxic	and	dopamine	depleting	lesions	to	perturb	thalamic	reticular	nucleus	
function.	Employed	alongside	reliable	behavioural	paradigms	the	experiments	
documented	have	highlighted	the	role	of	the	thalamic	reticular	nucleus	in	awake,	
freely	behaving	animals.	Consistent	with	previous	research,	it	has	been	shown	that	
the	thalamic	reticular	nucleus	is	not	just	a	passive	relay	for	sensory	information	but	
rather	has	a	critical	role	in	the	top-down	re-orienting	of	attention.	
It	was	shown	that	dopaminergic	input	into	the	thalamic	reticular	nucleus	
from	the	substantia	nigra	thus	pars	compacta	is	intrinsically	involved	in	re-orienting	
attention.	Critically,	this	extends	the	proposals	that	the	thalamic	reticular	nucleus	is	
involved	in	the	cognitive	pathologies	seen	in	psychiatric/neurodegenerative	
disorders	such	as	schizophrenia	and	Parkinson’s	disease.	Earlier	studies	have	shown	
how	thalamic	reticular	nucleus	dysfunction	can	account	for	the	sleep	disturbances	
seen	in	these	disorders,	and	this	thesis	provides	additional	evidence	for	its	role	in	
cognitive	issues.			
In	conclusion,	this	thesis	confirms	that	subcortical	mechanisms	of	attentional	
control	and	selectivity	critically	include	thalamic	reticular	nucleus	function,	and	that	
dopamine	is	invariably	involved.		
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